A new, rapid and efficient reverse phase Liquid Chromatography (RP-LC) method was developed for determination of Gibberellin A4 (GA4) in samples of flower stalk of Dasylirion cedrosanum and vegetative tissue of Epithelantha micromeris. Purification of GA4 was carried out by solid phase extraction (SPE), in Epithelantha micromeris. In the chromatography method was obtaining a retention time of 2.1 min, using Hypersil GOLD C-18 column (100 × 4.6 mm dim and size particle 5 µ), mobile phase 50/50 acetonitrile/water and a flow 1.0 ml/min. Detection was carried out by a UV detector set at 205 nm, and a quantization limit of 0.4 mg/L. The obtained correlation coefficient was 0.995.
Introduction
Gibberellins are an important group of isoprenoid phytohormones that occur in small amounts in higher plants. They are involved in the development and regulation of different growth processes throughout the life-cycle of plants; each gibberellin (GA) affects a different part of the plants. To date, 136 GAs have been identified in plants, fungi and bacteria [1] [2] but only a few of them possess biological activity. The most important bioactive gibberellins are GA1, GA3, GA4 and GA7 [3] . Many of the other GAs are biosynthetic intermediates or catabo-lites of bioactive GAs [4] which belong to the group of ''C19 gibberellins" [5] .
Numerous reports have shown gibberellins (GAs) play a role in the growth, development and sexual differentiation processes of different plant species [6] . The quantitative analysis of gibberellins in plant tissues is difficult because these phytohormones are present in low concentrations and the tissues are very rich in interfering substances, especially secondary metabolites [7] [8] In studies made in Satika spruce (Picea stichenis), it was concluded that the separation of GA4 in particular was not achieved; therefore, quantification was not done properly, probably due to a combination of low GA4 and a high amount of interfering substances such as resin acids [9] .
Other works have reported that production of GA4 is available commercially only in mixture form, as is difficult and uneconomic to separate gibberellins from each other [10] . The mixture GA4+GA7 has shown good results [1] [11]- [13] . However, in the last few years there has been increased commercial interest in the production and separation of GA4 and GA7 due to their horticultural uses. In 2010, Lale and Garde developed a HPLC technique with the purpose of achieving separation and quantification of GA4; however, it was still necessary to confirm by Liquid Chromatography-Mass Spectrometry (LC-MS) technique.
Due to the above, determination of GAs in plant tissues is a real challenge that requires careful optimization of sample preparation conditions prior to Liquid Chromatography (LC) analysis. Solid phase extraction (SPE) with reverse phase C-18 cartridge is the most commonly used technique for sample pre-concentration and clean up [14] . Many chromatography techniques have been developed for the analysis of gibberellins with instruments, such as high performance liquid chromatography (HPLC) [1] [15]- [18] , LC-MS [19] [20] and gas chromatography-mass spectroscopy (GC-MS) [ Thus, the objective of this work was to develop a rapid and efficient method for the determination of gibberellin A4 by liquid chromatography, processing the vegetal sample by solid phase extraction for purification and concentration of GA4.
Materials and Methods

Instruments
The chromatograph used was a Spectra System Thermo Scientific equipped with solvent degasser (SCM 1000), a quaternary pump (P4000) coupled to a manual injector with a 20 µl fixed loop, VWD Ultra violet detector (UV 1000) and reverse phase Hypersil GOLD C-18 column (100 × 4.6 mm dim and size particle 5 µ).
SPE-the solid phase extraction system with vacuum manifolds was purchased from Phenomenex, includes functionalized polymeric Strata C-18 E in syringe tubes with a sorbent mass of 50 mg and a 3 ml solvent capacity.
Reagents and Standard
Standard grade Gibberellin A4 (purity ≥ 90%) was purchased from Sigma-Aldrich; the solvents methanol, acetonitrile and water were of HPLC-grade (TEDIA), and were also filtered through a 0.45 µ membrane filter (Millipore) Two mobile phases were used: phase A was water, phase B was acetonitrile mixed in isocratic proportion 50-50.
Procedures
Chromatographic Conditions
The identification of GA4 was achieved using a C-18 reverse phase column and an isocratic mobile phase for A/B proportion of 50-50 at a flow rate of 1.0 mL/min; the wavelength was set at 205 nm. Each mobile phase was filtered through a 0.45 µm membrane filter in a Wheaton system and sonicated for 5 min. 
Calibration Curve
Sample Preparation
In this work, two different plant tissues were evaluated; the first was taken from a sexually undifferentiated inflorescence of Dasylirion cedrosanum after it had been stored at −20˚C for at least two months. The Dasylirion cedrosanum samples were treated in two different ways: some samples were processed fresh, and others were subjected to drying in an oven at a controlled temperature of 45˚C for 24, 48 and 72 hours.
About 1 gr. of each sample was frozen with liquid nitrogen and macerated with a pestle until a fine powder was obtained. 50 mg of powder were accurately weighed with a calibration analytical balance and placed in eppendorf tubes; 1.0 mL methanol 80% was then added for the first extraction; the mixture was put in a vortex mixer for 30 seconds and was then placed in a sonicator for 5 min. Immediately afterwards the samples were centrifuged at 13,000 rpm for 10 min. The supernatant was removed with a pipette and leaked into another eppendorf tube; the first extraction was then performed. Subsequently, second and third extractions were performed on the same pellet, but adding only 0.5 ml. ultimately, we had three supernatants, one for each extraction. These extracts were filtered with a 0.45 µm syringe filter, sonicated for 3 min by degassing, and were then ready for injection in RP-LC.
The Epithelantha micromeris samples were lyophilized and the extractions process was carried out as mentioned above, but these samples were subjected to a purification process by solid phase separation (SPE); seven fractions were processed as follows: one C-18 cartridge was placed in a vacuum manifold and was activated with 1ml methanol 100%; in the second fraction 250 µL of sample + 1 mL acetonitrile was added; in third fraction one more milliliter was added; in the fourth and fifth fraction 1 mL methanol-acetonitrile 50:50 was added to each fraction, and in the sixth and seventh fraction 1 mL methanol was added to each fraction.
Each fraction was filtered with a 0.45 µm syringe filter, sonicated for 5 min and injected in RP-LC. According to the results obtained, it was necessary to dilute some samples at about the concentration range of the calibration curve
Results and Discussion
Calibration Curve
In the Ga4 calibration curve plotted was obtained a desirable linearity 0.995. The detection limit of GA4 reached was 0.4 mg/L (Figure 1) . This is appropriate to achieve a good GA4 quantification in plant tissue.
Fresh Samples of Dasylirion cedrosanum
The results of three re-extractions of GA4 from fresh samples of Dasylirion cedrosanum are shown in Figure 2 . The GA4 peak is below the limit of quantification of the calibration curve; therefore, it could not be determined, may be due to the low concentration of gibberellin A4 and the interfering substances present in the fresh tissue [1] [2] [9] . In order to achieve the concentration of gibberellin and a good peak separation, the sample was subjected to drying in oven.
The drying process was carried out in an oven for 24, 48 and 72 hours at a controlled temperature of 45˚C; the results are shown in Table 1 . After 24 hours of drying, there was a weight loss of 73.4%, mostly from the humidity in the flowering scape of the Dasyliron sample; there was a no great difference after 48 hours of drying; however, after 72 hours there was a weight loss of 83.55%. The temperature of the drying process was kept constant, in order to avoid the molecular decomposition of gibberellins, which consists in a lactone ring [5] 
Dry Samples of Dasylirion cedrosanum
Extraction of GA4 after 24 Hours of Drying
Regarding the results obtained from samples of Dasylirion cedrosanum after 24 hours of drying in the first, second and third extraction (Figure 3) , the higher concentration of GA4 was obtained in the second extraction; however, as is shown in that figure, in the third extraction a lower concentration (but still a quantifiable amount) of GA4 was obtained than in the second one, which indicates, in contrast with other works [27] , that one re-extraction of the pellet is not enough to obtain the total content of gibberellin.
Extraction of GA4 after 48 Hours of Drying
After 48 hours of drying, total the content of gibberellin A4 was obtained in the second re-extraction (Figure 4) .
Extraction of GA4 after 72 Hours of Drying
After 72 hours of drying, total the content of gibberellin A4 was obtained in the third re-extraction ( Figure 5) .
It was observed that the largest quantity of GA4 was extracted from the dried tissue after 48 hours of drying, maybe due to the fact that the plant tissue still retained liquid after 24 hours of drying, and that the solubilized phytohormone was divided into two fractions.
A molecular decomposition probably occurred in the extractions of GA4 after 72 hours of drying and, conesquently, it was not separated by the RP-LC (see Figures 6 and 7) . 
Dry Samples of Epithelantha micromeris
In another experiment with Epithelantha micromeris tissue, although the sample was dried by lyophilization the GA4 peak was not separated, as shown in Figure 8 . May be because the retention time was so short, the separation between GA4 and other similar molecules was not achieved. For this reason, it was necessary to use a separation and concentration technique such as solid phase extraction. This technique offers enhanced recovery, greater speciation, and reduces solvent and sample consumption compared to other techniques [28] The separation of GA4 was obtained in fractions 6 ( Figure 9 ) and 7 ( Figure 10 ), using methanol 100% as a carrier. The results likely are due to the chemical characteristics of GA4, as it is a less polar gibberellin [9] [29] for this reason, GA4 is strongly retained on the C-18 non-polar stationary phase of SPE, primarily due to non-polar polar interactions or Van Der Waals forces. 
Conclusion
A rapid and efficient liquid chromatography method was developed for the quantification of giberellin A4 in Dasyliron cedrosanum and Epithelantha micromeris. A solid phase extraction technique for purification and concentration of GA4 in tissue of Epithelantha micromeris was employed. This purification procedure for GA4 can be applied to other vegetal tissues when separation by RP-LC is not possible or the concentration of GA4 is very low.
